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ABSTRACT  
TITLE: CBCT Analysis of Patients with Malignancy Involving Mandible-A Cross-
sectional Descriptive Study. 
BACKGROUND: Detecting presence of invasion of bone and finding effect on surrounding 
structures is important from diagnosis, treatment planning and prognosis point of view. 
Conventionally Multidirectional CT is used to detect presence of Bone Invasion in cases of 
Malignancy involving mandible. Recently CBCT is found to be more sensitive in detecting bone 
invasion in mandible. In addition CBCT provides advantage of radiation safety, Economic 
superiority and resolution superiority   over MDCT. This study was conducted to assess the 
CBCT Features of malignancy involving mandible and find association of radiological features 
with clinical and histopathological features. 
AIM: The Aim of this study is to evaluate Cone Beam Computed Tomography in analysis of 
Patients of Malignancy involving mandible 
OBJECTIVE: Objective is to Interpret Cone Beam Computed Tomography changes in axial, 
coronal, sagital and three dimensional images of Malignancy involving mandible., to Associate 
Imaging feature with Clinical Features, to Associate Imaging feature with other Imaging features 
and to Associate Imaging feature with Histopathological diagnosis.  
METHODOLOGY: Total 30 patients reporting to the Department of Oral Medicine and 
Radiology were included in the study, based on inclusion and exclusion criteria. Patients with 
complaints and Clinical features suggestive of Malignancy of the mandible were assessed with 
CBCT after which incisional biopsy was performed to get a confirmatory final diagnosis based 
on the histopathological features. The patients who were histopathologically confirmed to have 
bone invasion were then taken up for the evaluation with the CBCT scans already taken. 
RESULT: The study showed maximum cases (35%) with invasion in relation to Right Posterior 
Alveolus. Spread of invasion was more than clinical limits of the lesion. Spread of bone invasion 
in mandible was faster in antero posterior direction than in supero inferior direction. The Erosive 
pattern was found exclusively in lesions presenting as Ulceroprolifearative growth, Cases of 
verrucous presentation had mixed pattern, Lesions presenting as ulcer had infiltrative pattern. 
27% patients had pathological fracture, amongst these cases out of which 75% were females. All 
cases presenting as ulcerative lesion had IA Canal perforation present. 100% of cases with 
infiltrative invasion had cortical destruction of IA Canal and 54% of mixed invasion lesion had 
IA Canal intact. 36% teeth had loss of lamina dura, PDL Space was widened in 61% of cases and 
Tooth displacement was found in 22% of case. Following CBCT examination all the cases were 
graded as Stage IV in TNM staging. 
CONCLUSION: In this study it was found that Spread of invasion is found to be more 
extensive than clinical limits and is more in Anteroposterior direction than superoinferiorly 
direction. Lesions presenting as Endophytic growth were aggressive in terms of bone invasion. 
There was no association between Histopathological feature and CBCT Features. 
KEYWORDS: Cone Beam CT, Erosive bone invasion, Infiltrative Bone Invasion, Mandible, 
Mixed Bone Invasion, Oral Cancer, Squamous Cell Carcinoma. 
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INTRODUCTION 
Cancer is the uncontrolled growth of abnormal cells in the body. Oral cancer is a disease of 
antiquity. Sushruta Samhita, a Sanskrit treatise of surgery, gives a description of oral cancer. 
The aggressiveness to spread locally involving surrounding structures causes disfigurement, 
affects function, and leads to physical and psychological discomfort ultimately affecting 
quality of life. 
Oral cancer is a result of a multistage process from normal to dysplastic lesions and 
ultimately to carcinoma. It is a disease of increasing age, with approximately 95% of cases 
occurring in people older than 40 years. The age related incidence suggests that time 
dependent factors results in initiation and progression of genetic events that results in 
malignant change. The incidence of oral cancer is clearly age related which may reﬂect 
declining immune surveillance with age, time for accumulation of genetic changes and 
duration of exposure to initiators and promoters
1, 2
. Oral cancer is a broad term that includes 
various malignant diseases that present in the oral tissues. Oral squamous cell carcinoma is 
the most common of all, representing up to 80-90% of all malignant neoplasms of the oral 
cavity, particularly in the mandible, with more than 300 000 new cases diagnosed each year 
worldwide
3,4
. 
Oral cancer is a global health problem with increasing prevalence and mortality rates. It is the 
sixth most common cancer in the world. Worldwide, the annual incidence exceeds 3,000,000 
new cases. Oral cancer accounts for 2% cancer death in males and 1% in females. Majority of 
oral cancers involve tongue, oropharynx and ﬂoor of the mouth. The lips, gingiva, dorsum of 
the tongue and palate are less common sites Head and neck malignancies comprise 3–5% of 
all malignancies in worldwide. In India, Oral cancer accounts for 50–70% of total cancer 
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mortality. It is the sixth most common cancer worldwide. Almost 70% of these patients have 
advanced stage disease at the time of initial diagnosis
1, 5
. 
The increased prevalence of the oral cancer in the subcontinent of India goes parallel with 
increased use of smoking, use of smokeless tobacco, alcohol, spicy food and lack of fruit or 
fiber intake, and neglected oral health and hygiene.  Cancer of floor of mouth and tongue are 
common in western countries as compared to Indian subcontinent, where the cancers of 
gingivobuccal sulcus, tongue, and buccal mucosa are common due to placement of tobacco 
quid under the tongue, under the buccal mucosa and under the lip.  Tobacco and alcohol are 
strong synergistic effects or oral cancer. There are strong synergistic effects on oral cancer 
risk when a person has both the habit of smoking & drinking, tobacco usage including 
smokeless tobacco and excessive intake of alcohol which is estimated to account for about 
90% of oral cancers 
3, 4
. 
Approach to deal with Oral cancer goes through sequential series of History recording, 
clinical examination, Imaging, Investigations, curative treatment and Palliative care. All 
components of this series being equally important, Imaging is a Corner stone due to its role in 
Diagnosis, Tumor staging, Treatment planing and Post treatment surveillance. For Oral 
cancer, rapid growth may occur even though there are no previous clinical signs.
6
 For this 
reason also clinical examination must be complemented by radiological examination for the 
assessment of size, thickness and depth of the tumour as well as the degree of bone tissue 
invasion
7, 8
. This bone tissue invasion detection, cortical or medullary, is indicative of a T4 
tumour stage. At this stage, the 5 year survival rate is close to 50%, whether treatment is 
surgical resection (47% survival) 
9
 or chemotherapy (56% survival) 
10
. For this reason, 
detection of bone tissue invasion significantly improves patient prognosis. 
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Imaging techniques used to detect bone invasion includes use of Intraoral Radiography, 
Panoramic radiography, computed tomography, nuclear scintigraphy, magnetic resonance 
imaging. Existing imaging techniques have been adapted to allow for detection of bone tissue 
invasion. For example, use of gadolinium-diethylenetriaminepentaacetate (Gd-DTPA)
 11
 as a 
contrast medium in MRI, reduction of artefacts in CT
12
 and the combined use of imaging 
tests such as positron emission tomography (PET)/CT
13
 and SPECT/CT
14
.New technologies 
that permit assessment of bone tissue invasion include Ultrasonography 
15
, single photon 
emission CT (SPECT)
 
scintigraphy
16
 and cone beam CT (CBCT)
 17
. 
Cone Beam Computed Tomography (CBCT) has been an interesting development in the field 
of dentistry or dental radiology per say. It has allowed clinicians to view the hard tissues of 
the head and neck with greater ease as the equipment in question is smaller to fit in a dental 
office or institution, requires a smaller support staff, is easy to operate and acquire images 
from and all this at a fraction of the radiation dose of MDCT. This great new technology 
made everyone sit up and take notice, but as is usually seen whenever a new technology 
comes up is that, the technology precedes the knowledge. Very little information is available 
as to how this great technology can be put to best use to help in diagnosis and treatment 
planning of conditions of the head and neck.  
Bony Invasion secondary to Oral cancer present with peculiar and interesting clinical and 
radiological features. The site, extent and pattern of the invasion, its size, cortical plate 
perforation or periosteal reaction, the internal structure of invaded bone, encroachment of the 
adjacent proximal structures and Effect on Periodontium form important radiological aspect 
of these lesions. These features could be evaluated with currently used modalities mentioned 
above, but a CBCT comes up as an interesting alternative with lower radiation dose and easy 
setup being one of the major advantages. Reviewing the maxillofacial structures in all 
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perspectives reveal extent and pattern of invasion which may enhance detection of invasion, 
staging and treatment planing. 
Once a volume of data has been acquired and stored by CBCT, this data can be reformatted 
or realigned in any way the diagnostician requires. This allows the area of interest to be 
viewed clearly without any superimposition with other neighbouring structures and hence 
helps in its assessment from all perspectives.
18 
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AIM: 
The Aim of this study is to evaluate Cone Beam Computed Tomography in analysis of 
Patients of Malignancy involving mandible 
Objective: 
1.To Interpret Cone Beam Computed Tomography changes in axial, coronal, sagital and three 
dimensional  images of Malignancy involving mandible. 
Including:  
A. Site of Invasion 
B. Size of Invasion(mm) 
C. Extent of Invasion 
D. Pattern of Invasion 
E. Periphery of the lesion 
F. Internal structure of the Invasion 
G. Effect on Teeth and Periodontal Structures 
H. Effect on Inferior alveolar Nerve canal 
a) Cortex of canal 
b) Width of canal 
I. Effect on Mental Foramen 
J. Effect on periosteal cortex of mandible 
a) Buccal Cortex 
b) Lingual cortex 
c) Inferior border of mandible 
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2. To Associate Imaging feature with Clinical Features 
3. To Associate Imaging feature with other Imaging features 
4. To Associate Imaging feature with Histopathological diagnosis.  
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REVIEW OF LITERATURE 
ORAL CANCER 
HISTORICAL BACKGROUND 
Earliest description of cancer can be found in scriptures dating back to medieval era. The first 
description of cancer is present in The Edwin Smith Papyrus, a copy of part of an ancient 
Egyptian textbook on trauma surgery written in 1600BC.  In Indian scriptures, Sushruta 
Samhita, a Sanskrit treatise of surgery written by Acharya Sushruta in 600BC gives a 
description of oral cancer. 
The origin of the word cancer is credited to the Greek physician Hippocrates (460-370 BC), 
who is considered the “Father of Medicine.” Hippocrates used the terms carcinos and 
carcinoma to describe non-ulcer forming and ulcer-forming tumors. In Greek, these words 
refer to a crab, most likely applied to the disease because the finger-like spreading projections 
from a cancer called to mind the shape of a crab
19
.  
EPIDEMIOLOGY 
Traditionally, the term ‘oral cancer’ is employed to connote both oral cavity cancer and 
oropharyngeal cancer. However, these are different clinical entities and in contemporary 
practice often have different etiologies and are frequently managed differently. According to 
American Joint Committee on Cancer (AJCC) and the Union for International Cancer Control 
(UICC) in the tumor-node-metastasis (TNM) staging classification squamous cell carcinomas 
of the oral cavity includes lesions originating from the mucosal lip, anterior two-thirds of the 
tongue (oral tongue), buccal mucosa, floor of mouth, hard palate, lower and upper alveolus 
and gingiva, and the Retromolar trigone
20
. 
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Term Oral cancer is comprised of a heterogeneous group of cancers that arises from different 
parts of the oral cavity associated with different predisposing factors, prevalence, and 
treatment outcomes. It is the sixth most common cancer worldwide with an annual incidence 
of over 300,000 cases. It is the sixth most common cancer reported globally with an annual 
incidence of over 300,000 cases, of which 62% arise in developing countries. There is a 
significant difference in the incidence of oral cancer in different regions of the world, with 
the age-adjusted rates varying from over 20 per 100,000 population in India, to 10 per 
100,000 in the U.S.A, and less than 2 per 100,000 in the Middle East
21
. In comparison with 
the U.S. population, where oral cavity cancer represents only about 3% of malignancies, it 
accounts for over 30% of all cancers in India. The variation in incidence and pattern of oral 
cancer is due to regional differences in the prevalence of risk factors
22
. 
According to GLOBOCAN 2012, a survey carried out by International agency for research 
on Cancer in association with World Health Organization, Lip and Oral Cavity cancer, ranks 
11
th 
amongst all cancers in men worldwide. It does not feature in top 15 cancers list for 
Women in world. Incidence, Mortality, 5 Year prevalence for men and women in world are 
2.7%, 2.1%, 3.1% and 1.5%, 1.3%, 1.4% respectively. In an Indian scenario, Lip and Oral 
Cavity cancer ranks 2
nd
 amongst all cancer in men, and 5
th
 in women. Incidence, Mortality, 5 
Year prevalence for men and women in India are 11.3%, 10.2%, 12.6% and 4.3%, 4.8%, 
3.1% respectively. In South-east Asia, India ranks first in Incidence and prevalence of Lip 
and Oral cavity Cancer
23
. 
Incidence of Oral cancer in India is associated with increased consumption of smoking and 
smokeless Tobacco
24
. Site of involvement is also associated with habits as obvious by Cancer 
of floor of mouth and tongue being more common in western countries as compared to Indian 
subcontinent, where the cancers of gingivobuccal sulcus, tongue, and buccal mucosa are 
common due to placement of tobacco quid under the tongue, under the buccal mucosa and 
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under the lip 
3, 4
.  Gabriel et al. in their study to determine the effects of smoking in the 
antioxidant level in serum, found that chronic smoking lowers the concentration of dietary 
antioxidants in serum. So from his observation he suggested that smoking as the risk factor 
for oral cancer
25
. 
More than 90% of cancer of the oral cavity and oropharynx are squamous cell carcinomas 
(SCC) of the lining mucosae. Relatively rare neoplasms also arise in minor salivary glands 
and soft tissues
26
. 
CLINICAL PRESENTATION 
Oral cancer is comprised of malignancies arising from the mucosal lip, anterior two-thirds of 
the tongue (oral tongue), buccal mucosa, floor of mouth, hard palate, lower and upper 
alveolus and gingiva, and the Retromolar trigone
20.
 
OSCC may appear in any location, although there are certain areas in which it is more 
commonly found. The most common locations are the tongue and the floor of the mouth, 
mainly in Western countries; it occurs in over 50% of cases. Other areas of involvement are 
the buccal mucosa, retromolar area, gingiva, soft palate and, less frequently, the back of the 
tongue and hard palate. The lip is involved more frequently in some geographic areas
27-31
. 
Hirata et al. in their study of 478 carcinomas of the oral cavity performed between 1947 and 
1970 found that, excluding the lip, 40% of tumours were located on the tongue and 33% on 
the floor of the mouth
27
.  
Oliver et al. in a review of 92 cases, found that the lateral and ventral surfaces of the tongue 
were the most border of the tongue and the floor of the mouth
28
, with extension to the soft 
palate and tonsillar is the area of highest risk of developing cancer
29, 30
. Pattern of Site of 
involvement in Oral cavity in India appears to be different than western world.  
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Sadaksharam Jayachandran  did an epidemiological study of oral cancer and pre cancer of 
200cases in a tertiary referral centre in India in which 71 lesions (36%) were present on 
Buccal Mucosa, 31 lesions (16%) were on Tongue, 28 lesions (14%) were on alveolar 
mucosa, 23 were on the ﬂoor of the mouth(11%), 13 were on the Palatal Mucosa (6%), 13 
were on the Retromolar trigone (6%), lip (6%) and gingiva (5%). Buccal Mucosa was clearly 
the predominately affected site among the 200 patients
1
.
 
This is likely to be related to the 
different habits associated with Indian carcinomas. In India, a quid composed of tobacco, 
betel nut, and lime is in direct contact with the buccal tissue. In western world, the effects of 
cigarette smoke and alcohol would be expected to be more diffuse as these substances pass 
through the channel system. In support of this difference is the greater prevalence of buccal 
mucosa carcinoma among pipe and cigar smoker as compared to cigarette and alcohol 
users
29
.
 
Spectra of clinical presentation of OSCC range from an Ulcer to Ulceroprolifearative growth. 
It might present as a flat lesion, an exophytic growth or an endophytic growth. The clinical 
presentation of OSSC is so characteristic in advanced stages that there is usually clear 
suspicion of malignancy. In contrast, it is quite possible in early stages to make the wrong 
diagnosis. It is always necessary to establish the diagnosis by a biopsy and histopathological 
examination, because the clinical characteristics alone are insufficient. Surface of the lesion 
can range widely presenting as Granular, Fissured, mixed or Smooth surface. In a study by 
Mashberg et al., Granularity was the predominant characteristic of the surface (58%), 
whereas 18% of lesions were fissured, 17% mixed, and 6% smooth
29
. Clinical presentation of 
the early malignant lesions is usually in the form of an erytholeukoplastic lesion. It consists 
of red or red and white areas with a slight roughness and is well-demarcated. The elasticity of 
the soft tissue changes to a harder sensation on palpation ("induration"). There is often no 
pain, but there may be some discomfort. In advanced stages the classic features of oral 
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malignancy include ulceration, nodularity and fixation to underlying tissues. The ulceration 
has an irregular floor and margins, and is elevated and hard on palpation. When the lesion is 
large the patient often has severe pain, radiating from the lesion to the ipsilateral ear. In these 
advanced stages, exophytic tumours with warty surfaces, poorly defined boundaries, and hard 
to palpation may be seen. Less commonly they may appear only as paraesthesia or numbness 
of the chin. Others manifest with delayed healing after a dental extraction, or sometimes a 
lump with abnormal supplying blood vessels, dysphagia or weight loss
30-36
. 
OSCC lesions have a variable size and can range from a few millimetres to several 
centimetres in the more advanced cases. The initial lesions are usually asymptomatic as they 
are small. Mashberg et al. reported a series of 102 asymptomatic OSCCs where 17% of the 
lesions were smaller than 2 cm (T1) 
29
.  
Other authors such as Brandizzi et al. in their 274 OSCC cases, found 29% under 2 cm, 46% 
between 2 and 4 cm and 18% with lesions greater than 4 cm
37
. Martinez-Conde et al in a 
retrospective study of 40 patients with OSCC in stage I and II found that the average diameter 
of the lesion was 2.6cm
31
.  
Mashberg et al. also found a relationship between the size of the lesions and ulceration, 
bleeding, and lymphadenopathy. T3 and T4 lesions were more frequently fissured than 
smaller cancers. 64% of T1 lesions were ulcerated as compared to 92% of T2-T4 lesions. 
53% were elevated more than 1 mm, whereas induration and bleeding were reported, 
respectively, in 89% and 41% lesions. Lymphadenopathy was present in 42 out of 93 cases 
and was less frequent among smaller lesions. In their study no T1 lesions had N2- N3 related 
nodes, as compared to 16 out of 77 (2 1 %) larger T2- T4 lesions
29
.  
Vallecillo Capilla et al. reported on 216 patients with oral squamous cell carcinoma studied 
over a period of five years. They found that the factors most associated with mortality were: 
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location in the gingiva, in the trigone, large size (T3-T4), and lymph node involvement (N2a-
N2b) 
32
. 
In a study conducted by Cuffari L et al. Pain was a common symptom in oral cancer patients, 
representing 30-40% of their main complaints
38
. Jainkittivong et al. found that swelling 
and/or pain were the first signs or symptoms in the 342 (52.6%) OSCC patients studied
39
. 
Other authors reported that the main symptoms were ulceration and swelling , followed by 
pain, bleeding, decreased mobility of the tongue, dysphagia and paraesthesia. Gorsky et al. 
reported a series of patients with OSCC of the tongue, finding that the main symptom was 
pain on the tongue (66.5%), while 29% had a lump on the tongue. Symptoms such as ear 
pain, voice changes, dysphagia, and cervical tumours were more common in tumours at the 
tongue base
40
.  
Although pain is the main symptom, it usually arises only when the lesions have reached a 
remarkable size, and is the time when the patient requests medical assistance. Thus, early 
carcinomas often go unnoticed because they are asymptomatic. In later and larger lesions, 
symptoms may vary from mild discomfort to severe pain, especially on the tongue
41
. Other 
symptoms include ear pain, bleeding, mobility of teeth, problems in breathing, difficulty in 
speech, dysphagia and problems using prosthesis, trismus, and paraesthesia. In some 
locations, such as the tongue or the floor of the mouth, pain can arise early on. In the case of 
OSCC of the tongue, the tongue's movement against the teeth causing more discomfort. In 
contrast, carcinomas of the lip and buccal mucosa only show intense pain at advanced stages. 
Occasionally patients may present with cervical lymphadenopathy without any other 
symptoms. In terminal stages, patients may develop skin fistulas, bleeding, severe anaemia 
and cachexia
42
.
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DETECTION OF BONE INVASION IN ORAL CANCER  
Oral cancer frequently invades the bone of the mandible, necessitating surgery to the bone. 
Five possible routes of entry into mandible
43
 are:  
(1) At the site of primary development of the carcinoma 
(2) Through the occlusal surface 
(3)Through the mental foramen 
(4)Through the lower border by direct spread from lymph nodes 
(5)From the mucosal covering through the periosteum 
McGregor and MacDonald reported on the routes of entry of tumor into the mandible and 
they suggested that there was a consistent pattern of invasion through the alveolar crest that 
provided sound pathologic support for conservative upper border resection of the mandible in 
appropriate cases. In their study Squamous cell carcinoma entered the mandible through the 
occlusal surface in 93.2% cases and, in 9 of their 41 cases, Squamous cell carcinoma also 
spread through the lingual plate. Only in three cases (6.8%) did the pattern of spread involve 
the bone differently. Squamous cell carcinoma was found to enter the medullary cavity 
through the upper border of the mandible, either through the occlusal ridge alone or in 
combination with penetration of either the buccal or lingual plates. These findings therefore 
confirm the importance of cortical bone defects in the edentulous alveolus as a route for 
direct spread of tumor into the mandible
44
.
 
The surgeon is faced with the dilemma of ensuring adequate removal of tumor, while trying 
to limit the difficult functional and cosmetic problems resulting from removal of mandibular 
bone. If the full thickness of the mandible is resected, these problems can be severe, but many 
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surgeons have advocated such resection, if the mandible is involved at all by tumor. Because 
spread of squamous cell carcinoma to the mandible is largely through the upper border, the 
principle of partial resection of the mandible to include the upper border would seem to be 
acceptable on pathologic grounds providing the extent of tumor spread within the bone is not 
sufficiently advanced that segmental resection is required
45
. 
Both the extent and pattern of bone invasion is associated with the outcome. Regarding the 
extent of bone invasion, the supero-inferior extent should be detected precisely on the 
diagnostic imaging, because it is one of the determinant factors for the surgeons to choose 
between a rim and a segmental resection of the mandible as the surgical method. Eiji 
Nakayama classified the pattern of bone invasion on the diagnostic images is into three types: 
The invasive pattern was defined as bone destruction with an irregular and ill-defined margin 
accompanied with bony spicules or isolated fragments. The erosive pattern showed U-shaped 
or scalloped bone destruction to the medullary bone with a smooth and well-defined margin, 
and no isolated bony spicules. The mixed pattern was defined as bone destruction with an 
irregular margin and intermediate features between the erosive and invasive pattern 
46
, 
47
. 
Squamous cell carcinomas of the oral cavity that are mobile on clinical examination may, 
depending on their deep extent, be locally excised. However, lesions that are ﬁxed to the 
mandible often require some form of mandibulectomy. The type of mandibulectomy is 
predicated on the presence of tumor invasion of the underlying bone. Tumors that are ﬁxed to 
the periosteum and do not invade the mandible may be resected by a marginal (rim) 
mandibulectomy; tumors that erode bone are upstaged to T4 and treated with segmental 
mandibulectomy
48, 49
. Hence the assessment of invasion of the mandible is integral in patients 
with carcinomas of the oral cavity because the surgical procedure is influenced by the 
presence and extent of bone involvement. 
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Imaging plays an exciting, vital and critical diagnostic role in detecting invasion in mandible, 
and has brought revolution in medical field with the invention of newer rapidly expanding 
wide array of imaging modalities. Recent decades have seen the development of CT, MRI, 
nuclear medicine, and ultrasonography, imaging modalities that have revolutionized dental 
and medical diagnosis. Various imaging modalities have been used to predict mandibular 
invasion by squamous cell carcinoma of the oral cavity when attempting to determine 
whether patients are candidates for mandibular-sparing procedures. 
Different preoperative investigation may be applied alone or in combination to assess 
mandibular involvement. Intraoral Radiography (IR), panoramic radiography (PR), 
Computed Tomography (CT), Cone Beam Computed Tomography (CBCT), Bone 
scintigraphy, Single photon emission computed tomography (SPECT) and Magnetic 
resonance imaging (MRI) have all been used to predict mandibular invasion by SCC of the 
oral cavity. PR, IR with Periapical projection and CT are generally used as imaging methods 
for detecting the bone invasion. CT clearly represents bony changes of the mandible due to 
carcinoma if the CT images fill the following conditions:  
1. thin scanning widths are chosen;  
2. the scanning plane is selected parallel to the mandibular plane in order to eliminate 
any artifacts caused by metallic dental restorations;  
3. super high resolution CT images of the optimal bone window mode are obtained 
Three types of diagnostic imaging (PR, PR + IR, and CT) were evaluated by Eiji Nakayama 
using the receiver operating characteristic (ROC) analysis. The area under ROC curves was 
used as the index of diagnostic accuracy in the study. As the result of this study, the accuracy 
of diagnostic images regarding the detection of a slight bone invasion within the alveolar 
bone ranged from 77% to 88%, and that accuracy was lower than that of the detection of bone 
Review of Literature 
 
16 
 
invasion beyond the alveolar bone (83-89%), and that of bone invasion into the mandibular 
canal (91-94%) On the other hand, the accuracy of PR and PR + IR is equal to that of CT 
regarding the detection of bone invasion into the mandibular canal, and hence, PR would be 
suitable for the initial screening modality to survey the bone invasion into the mandibular 
canal and determine the T classification, because it is generally available at most hospitals, 
and more economical than CT
50, 51
. 
Kawano et al. compared the depth of tumor invasion of 21 Mandibular cancer on the cross-
sectional (bucco-lingual) decalcified HE stained sections with that on the PR. They 
concluded that the depth of tumor invasion on PR coincided with that on HE stained section 
in many cases. However, in some cases with infiltrative bone invasion, the depth of tumor 
invasion on PR were underestimated compared with that on the HE stained section. In these 
cases, tumor infiltrated into the deep bone marrow without destroying the bone trabecula, and 
the fact is the reason of the underestimation on PR
52
. 
Some discrepancies occur between the pattern of bone destruction on the conventional 
radiograph images (PR, IR) and the histological findings. Ohba et al. described one case 
which they classified as moth-eaten on PR findings, but which was shown histologically to be 
erosive. Reviewing the radiograph, they found that they had misdiagnosed the residual 
normal trabecular bone around the tumor as bony spicules within it
53
. Totsuka et al. stated 
that 7 out of 24 cases, which they classified as invasive pattern on the conventional 
radiographs, histologically showed an erosive pattern, while 2 out of 14 cases, classified as 
erosive pattern on the conventional radiographs, were histologically invasive. Iwaki also 
reported a similar discrepancy
54
. This discrepancy might be caused by the fact that the 
conventional radiography is two-dimensional superimposed image, and lacks the information 
about the bone destruction at the buccal and lingual cortex. If a diagnostic image detects the 
findings of bone destruction at not only the supero-inferior and medio-distal aspects of the 
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bone, but also the bucco-lingual condition of the bone, the discrepancy might have been 
solved. Therefore, CT is suitable for determining the pattern of bone destruction because the 
CT image provides three-dimensional information of bone destruction including the buccal 
and lingual cortex of the mandible. From the above-mentioned two points of view, Eiji 
Nakayama investigated the association between the pattern of bone destruction based on the 
CT and the outcome of the patients compared with the association based on the PR. As a 
result, the pattern of bone destruction based on the CT findings was closely associated , but in 
contrast, the pattern of bone destruction based on the PR findings was not associated  with the 
cumulative survival rate. In conclusion, the pattern of bone destruction based on the CT is a 
more important factor in determining the prognosis than that on the PR. From this result, we 
considered that the CT findings might reflect the histologic appearance more closely than the 
PR findings
47
.The diagnostic criteria of CT Mandibular cortical invasion is a Defect of the 
cortical bone adjacent to the tumor mass, of CT Bone marrow involvement is Trabecular 
disruption contiguous to the cortical defect and Inferior alveolar canal involvement is Bone 
marrow involvement reaching the inferior alveolar canal
55
. 
Magnetic resonance imaging (MRI) is generally valuable for the diagnosis of malignant 
tumors, and therefore, it is expected to be useful for assessing bone invasion of the mandible. 
Van Cann et al. reported that some parameters of dynamic contrast enhanced MRI could 
discriminate the tumor with medullary invasion from the tumor without it in oral cancer
56
. 
However, several study shows that magnetic resonance imaging had more false positives and 
frequently overestimated the extent of tumor invasion because of the high intensity due to the 
edematous or inflammatory changes at the soft tissue adjacent to the tumor, and therefore, the 
accuracy of MRI is not thought superior to that of CT concerning the bone invasion of oral 
cancer
57-58
. Campbell et al showed that a positive predictive value of MR imaging was 67% 
for evaluating mandibular invasion
59
. Similarly, Chung et al reported that a positive 
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predictive value of MR imaging was <70% for evaluating cortical invasion and <50% for 
medullary invasion
60
. A Possible cause false-positive results with MR imaging is Chemical 
shift artifact. Chemical shift refers to small changes in resonant frequency due to different 
molecular environments of nuclei. In case of detection of Invasion Chemical shift is due to 
the differences between resonance frequencies of fat and water. To confirm that chemical 
shift artifact might obscure the lingual cortex of the midline mandible, MR imaging was 
performed in a normal volunteer by Imaizumi A et al. In this study, the mandible was imaged 
by the 3 different methods of T1-weighted spin-echo sequence. The study showed that the 
lingual cortex was lost on the ordinary T1-weighted image, whereas it remained intact when 
phase-and frequency-encoding directions were swapped or when fat saturation pulse was 
used. These findings confirmed the hypothesis
55
  
The diagnostic criteria of MRI Mandibular cortical invasion is a Defect of the cortical bone 
adjacent to the tumor mass, of MRI Bone marrow involvement is Abnormal signal intensity 
of bone marrow  contiguous to the cortical defect and Inferior alveolar canal involvement is 
Bone marrow involvement reaching the inferior alveolar canal
55
. 
Positron-emission tomography (PET) with Fluorine 18 fluorodeoxyglucose (FDG) is also 
expected to be useful for assessing bone invasion because FDG accumulates well at the 
malignant tumor
47
. However, Goerres et al. reported that the assessment of cortical erosion 
with contrast-enhanced CT and the CT information from PET/CT were the most reliable 
methods for detecting bone invasion, and FDG uptake seen on PET/CT images did not 
improve identification of bone infiltration. This report indicates that CT is essentially 
superior to PET alone concerning the detection of bone invasion
61
. It is likely, because FDG 
accumulates well at not only the lesion of malignant tumor but also the inflammatory lesion 
and the spatial resolution of PET is not high
62
.  
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The diagnostic criteria of SPECT Bone invasion analysis: any increased tracer uptake at the 
tumour site correlating with the CT-morphologically visible tumour extension close to the 
mandible
55
.  
Cone Beam Computed Tomography (CBCT) is an intensely developed diagnostic tool. The 
usefulness of CBCT in detecting osteolysis has been documented. CBCT is more accurate 
than panoramic radiography and comparable to MRI, CT and bone scintigraphy. Moreover, 
CBCT is increasingly used by dentists in everyday practice which can result in an improved 
detection of oral cancers. However, CBCT is limited by a poor assessment of soft tissues. 
S Uribe et al did a systematic review of studies in MEDLINE, SciELO and ScienceDirect, 
published between 1960 and 2012, in English, Spanish or German, which compared detection 
of mandibular bone tissue invasion via different imaging tests against a histopathology 
reference standard .Evidence showed that all tests have a high diagnostic accuracy for 
detection of mandibular bone tissue invasion by SCC, with sensitivity values of 94% (MRI), 
91% (CBCT), 83% (CT) and 55% (panoramic radiography), and specificity values of 100% 
(CT, MRI, CBCT), 97% (PET/CT) and 91.7% (panoramic radiography)
63
. 
Linz C et al evaluated cone beam computed tomography (CBCT) for detecting bone invasion 
in comparison to standard imaging techniques. A total of 197 patients with diagnoses of oral 
cancer underwent CBCT as part of preoperative staging between January 2007 and April 
2013. The sensitivity, specificity, and accuracy of CBCT were compared with panoramic 
radiography (PR), multi-slice computed tomography (CT) or magnetic resonance imaging 
(MRI), and bone scintigraphy (BS). Comparison of CBCT and BS (84.8% and 89.3%, 
respectively); and of CBCT and CT/MRI (83.2%), showed comparable accuracy. CBCT was 
significantly superior to PR. In detecting bone invasion, CBCT was Significantly more 
accurate than PR and was comparable to BS and CT/MRI
64
. 
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In a comparative study between CBT and CT in detection of Lesions of Maxillofacial 
skeleton, CBCT was superior to MDCT in detecting thinning and/or perforation of buccal 
cortical plate and displacement of teeth
65
.  
Cone Beam Computed Tomography (CBCT)  
It is a recent innovation in field of technology that has achieved the rapid acceptance in 
general, particularly in dentistry despite its current relatively high price when compared with 
alternative imaging methodologies. Craniofacial CBCTs were designed to counteract some of 
the limitations of the conventional CT scanning devices
66
.  
The object to be evaluated is captured as the radiation source falls onto a two-dimensional 
detector. This simple difference allows a single rotation of the radiation source to capture an 
entire region of interest, as compared to conventional CT devices where multiple slices are 
stacked to obtain a complete image
67
. The cone beam also produces a more focused beam of 
x-ray and significantly less scatter radiation compared to the conventional fan-shaped CT 
devices, and this considerably increases the X-ray utilization and reduces the ability of X-ray 
tube required for volumetric scanning
 68
.  
It has been reported that the total radiation dose is approximately 20% of conventional CTs 
and equivalent to a full mouth periapical radiographic exposure
69
.  
These component innovations are significant and allow the CBCT to be less expensive and 
smaller. Furthermore, the exposure chamber (i.e. head), is custom built and reduces the 
amount of radiation. The images are comparable to the conventional CTs and also may be 
displayed as a full head view, as a skull view or regional components depending upon the 
field of view.  
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Robb RA reported the use of first CBCT scanner for angiography among at Mayo Clinic in 
1982
 70
. Later, several other systems were developed specifically for angiography. Fahrig et 
al. developed a CBCT system based on an image intensifier and C-arm for use in 
angiography
 71
. Saint-Felix et al developed a CTA CBCT system based on the gantry of a 
conventional CT scanner which reconstructs vasculature from a set of digitally subtracted 
angiography (DSA) images
 72
.  
CBCT systems are also used for radiation therapy planning, in mammography, and 
interoperatively for otorhinolaryngological surgery. CBCT system for radiotherapy guidance 
based on an amorphous silicon (a-Si:H) flat-panel detector was decelopd by Jaffray and 
Siewerdsen
73
.  
In late 1990s only that it has become possible to create clinical systems that are both 
inexpensive and small enough to be used in the dental office. The first commercial CBCT 
system for oral and maxillofacial imaging was the NewTom (Quantitative Radiology, 
Verona, Italy), which was first approved by the Food and Drug Administration (FDA) in 
April 2001, and is currently in its fourth generation as the NewTom VG. Since that time 
numerous additional systems have been approved or are in development 
67
.  
Presently, the available CBCT equipment differs in size, possible settings, area of image 
capture (field of view), and clinical usage.   
CBCT has application in several diagnostic areas, such as implant treatment, oral surgery, 
endodontic treatment, and temporomandibular joint imaging. The great advantage of this 
technology is that offers 3-dimensional (3D) imaging of dental structures and provides clear 
images of highly contrasted structures, such as bone. In comparison to the conventional 
computed tomography, CBCT technology in clinical practice has significant advantages such 
as minimization of the dose of radiation to the patient, accuracy of image, rapid scanning 
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time, lesser image artifacts, chair-side image display, high spatial resolution and real-time 
analysis
74
.  
It uses a divergent or cone-shaped source of ionizing radiation and a two dimensional area 
detector fixed on a rotating gantry to acquire multiple sequential projection images in one 
complete scan around the area of interest
75
.  
Four technological factors have contributed to make this possible:  
1) The development of compact high quality flat panel detector arrays,  
2) Reduction in the cost of computers capable of image reconstruction,  
3) Development of inexpensive X-ray tubes capable of continuous exposure  
4) Limited volume scanning (e.g., head and neck), eliminating the requirement of sub second 
gantry rotation speeds
76
.   
THIS TECHNOLOGY HAS BEEN GIVEN SEVERAL NAMES INCLUDING  
Dental Volumetric Tomography  
Digital Volumetric Tomography  
Cone Beam Volumetric Tomography  
Cone Beam Computed Tomography  
Dental Computed Tomography  
Cone Beam Imaging   
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PRINCIPLES OF CONE BEAM COMPUTED TOMOGRAPHY  
All CT scanners consist of an x-ray source and detector mounted on a rotating gantry. During 
rotation of the gantry, the receptor detects x rays attenuated by the patient. These recordings 
constitute ―raw data that is reconstructed by a computer algorithm to generate cross 
sectional images whose component picture element (pixel) values correspond to linear 
attenuation coefficients. CT can be divided into 2 categories on the basis of acquisition x ray 
beam geometry, namely fan beam and cone beam
76
. Cone beam scanners use a 2 dimensional 
digital array providing an area detector unlike linear detector as CT does. This is combined 
with a three dimensional (3D) x-ray beam with circular collimation so that the resultant beam 
is in the shape of a cone, hence the name ―cone beam. Because the exposure incorporates 
the entire region of interest (ROI), only one rotational scan of the gantry is necessary to 
acquire enough data for reconstruction. 
 
Fan shaped x-ray beam in Conventional CT (B) and Cone shaped beam of x-rays in CBCT 
(A)  
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Voxel dimensions are dependent on the pixel size on the area detector. Therefore CBCT units 
in general provide voxel resolutions that are isotropic- equal in all three dimensions
 77
.  
 Cone beam geometry has inherent quickness in volumetric data acquisition and therefore the 
potential for significant cost savings as compared with CT, CBCT produces an entire 
volumetric dataset from which the voxels are extracted. 
FIELD OF VIEW  
Scanners using flat panel detectors (FPD) describe the dimensions of their cylindrical field of 
view‘s (FOV) as height by width (HxW). Width also can be referred to as diameter. Field of 
view refers to the area of the anatomy that is captured by the scan. Scanners are grouped into 
three categories based on their field of view.  
1. Large field of view-  
A scanner with large field of view will show the roof of the orbits and nasion down to the 
hyoid bone. Scanners with large FOV, usually a FOV height equal to or greater than 16 cm, 
are useful for cephalometrics and traditional orthodontic surveys.  
Eg- Next Generation (Platinum) i-CAT developed by Imaging Sciences  
International has a FOV of 17x23 cm.  
Kodak 9500 developed by Carestream has a FOV of 18x21cm.  
New Tom 3G developed by Imaging Sciences has a FOV of 20x20 cm  
2. Medium field of view  
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Medium FOV scanners will capture the middle of the orbits down to menton vertically, and 
condyle to condyle horizontally. Scanners with a medium FOV are useful for panoramic 
radiograph and implant surveys, but not for cephalometric analysis.   
Eg- New Tom 9000 by Aperio services has a FOV of 15x15x15cm I-CAT services by 
Imaging Sciences International have a FOV of 8x14 cm. 
3. Small field of view  
Scanners with a small FOV capture a user-defined region, usually symmetrical in shape. 
Small FOV scanners are used for implant surveys, TMJ surveys, and the localization of 
impacted teeth.   
Eg- Kodak 9000 3D and Kodak 9000 3DC developed by Carestream has a FOV of 4x5cm   
ProMax 3D manufactured by Planmeca has a FOV of 8x8cm.  
  
Advantage of use of CBCT technology in clinical practice for maxillofacial imaging 
compared with conventional CT
78
:  
 X-ray beam limitation: Reducing the size of the irradiated area by collimation of the 
primary x-ray beam to the area of interest minimizes the radiation dose. 
  Image accuracy: The volumetric data set comprises of voxels which are 3D blocks of 
smaller cuboid structures. Each voxel represents a specific degree of x-ray absorption. 
The size of these voxels determines the resolution of the image. In conventional CT, the 
voxels are anisotropic, i.e. rectangular cubes where the longest dimension of the voxel is 
the axial slice thickness. In CT voxel size determined by slice pitch, a function of gantry 
motion. CT voxel surfaces can be as small as 0.625 mm
2
, however their depth is usually 
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in the order of 1–2 mm. In CBCT units, voxel resolutions are isotropic i.e. equal in all 3 
dimensions. This produces sub-millimetre resolution to exceed the highest grade multi-
slice CT. The resolution ranges from 0.4 mm to as low as 0.125 mm. 
 Rapid scan time: CBCT acquires all basis images in a single rotation. This reduces the 
scan time (10–70 seconds) .It is comparable with that of medical spiral CT systems. 
Faster scanning time usually means fewer basis images from which to reconstruct the 
volumetric data set. This reduces motion artifacts due to subject movement.  
 Dose reduction: Published reports indicate that the effective dose of radiation of CBCT is 
significantly less (up to 98%) when compared with conventional fan-beam CT systems. 
This reduces the effective patient dose which is comparable to that of a film-based 
Periapical survey of the dentition or 4–15 times that of a single panoramic radiograph. 
Effective dose for panoramic radiograph  :2.9–11 μSv 
Effective dose for film-based Periapical survey  :13–100 μSv   
Effective dose for CBCT scan :36.9–50.3 μSV 
Effective dose for CT Maxilla  :1,031–1,420 μSv 
Effective dose for CT Mandible  :1,320–3,324 μSv 
 
 Display modes unique to maxillofacial imaging: Access and interaction with medical CT 
data are difficult as workstations are required. Data needs to be converted and imported 
into proprietary programs for use on personal computers. This process is expensive and 
requires an intermediary stage which extends the diagnostic phase. In contrast to CT, 
reconstruction of CBCT data is performed by a personal computer. In addition, software 
can be made available to the radiologist and clinician either via direct purchase or 
innovative ―per use licence from various vendors (e.g., Imaging Sciences International). 
This provides the clinician an opportunity to use chair-side image display, real-time 
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analysis and MPR modes that are task specific. The CBCT volumetric data set is isotropic 
hence the entire volume can be reoriented to realign the patient‘s anatomic features.The 
cursor driven measurement algorithms allow the clinician to do real time dimensional 
assessment.  
 Reduced image artifact: Manufacturer‘s artifact suppression algorithms and increasing 
number of projections results in a low level of metal artifact in CBCT images.  
Specific applications CBCT in dentistry: CBCT technology has a substantial impact on the 
maxillofacial imaging. It has been applied to diagnosis in almost all the areas of dentistry and 
now its role is also expanding into treatment fields
76
.  
Implant site assessment   
Orthodontics and Three Dimensional Cephalometrics  
Temporomandibular joint  
Conditions of the maxillofacial complex  
Odontogenic Cysts and Tumors 
 
CBCT DETECTION OF BONE INVASION IN ORAL CANCER 
CBCT has been commercially available since 2001. Since that time dental practitioners have 
used it to guide implant placement, view third molar relationships to the inferior alveolar 
nerve, image the cleft alveolus, and view limited areas of bony pathology in the jaws
77-79
.The 
ideal study for determining mandibular invasion by oral cancer has not been determined. A 
recent report has shown that panoramic radiograph, MRI, and bone scintigraphy are 
associated with a high false-negative rate when used to predict mandibular invasion.A 
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prospective study designed to determine the accuracy of available studies for predicting 
mandibular invasion showed that bone scintigraphy and MRI overpredict and CT and 
panoramic radiograph underpredict mandibular invaslon
80-81
. The use of CBCT to image oral 
cancer and guide surgical resection is not well reported in the literature. Traditionally the  CT 
is commonly chosen to evaluate mandibular invasion. Cost of CT Scan is a financial burden 
and sometimes unaffordable by patients. The radiation dose received by the patient varies 
with scanner used and area imaged, but ranges from 289 to 723 micro sv 
82
. Cone beam 
volume technology can image the bony structures of the craniofacial complex at 
approximately one twelfth the cost and at one sixth the radiation dose of a conventional 
helical CT scan. Additionally, in 2003 Hashimoto et al reported the image quality was better 
than conventional CT compared with CBCT with a latest model multidetector CT scanner
83
. 
The CBCT scanner can perform the entire scan in less than 10 seconds using the MercuRay 
(Hitachi, Tokyo, Japan) without subjecting the patient, who may be claustrophobic, to a 
longer period of time in an enclosed type conventional scanner system. When compared with 
plain film radiography, CBCT can image the anterior mandible more clearly, evaluate for 
inferior alveolar nerve involvement, and allow for visualization of a specific area of the 
mandible from multiple perspectives by using the volume views or rotating the images. 
James Closmann and Brian Schmidt
84
 in their case series of 3 cases, demonstrated use of 
CBCT in different scenarios. In one of their cases CBCT helped in detecting presence of 
Bony invasion that was missed in Conventional Radiography. In another case CBCT was 
used to detect bony invasion in a patient who developed allergic reaction to contrast media 
injected to for contrast enhanced CT. In last of their case CBCT helped in confirming intact 
osseous structure without bony invasion. 
Studies done by Czerwonka et al
85
 (2017), Hakim et al
86
 (2014), Dreiseidler et al
16
 (2011), 
Hendrikx et al
87
 (2010) and Momin et al
17
 (2009) to compare the ability of CBCT and CT in 
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detecting Bony invasion in Oral cancer have found the Sensitivity of CBCT  to be superior 
than MDCT. Specificity of CBCT in detecting invasion varies in the studies, ranging from 
60% to 100%. The reason for this discrepancy is not clear 
 CT CBCT 
 Sensitivity Specificity Sensitivity Specificity 
Czerwonka et al
87
 
86% 68% 91% 60% 
Hakim et al
88
 63% 84% 94% 59% 
Dreiseidler et al
16
 80% 100% 92% 97% 
Hendrikx et al
89
 - - 91% 100% 
Momin et al
17
 - - 89% 60% 
 
CBCT can accurately aid in Diagnosing invasion of mandible, evaluating and treatment 
planning and prognosis in malignant tumors of the mandible with less cost and decreased 
radiation to the patient relative to conventional CT.   
 
Materials and Methods 
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MATERIALS AND METHODS: 
The study was conducted at Department of Oral Medicine and Radiology, Tamil Nadu 
Government Dental College and Hospital, Chennai – 600 003.  
The study protocol was approved by the Institutional Ethical Committee. 
DURATION OF THE STUDY:  
From June 2016 to November 2017 
SAMPLE DESIGN:   
Totally 30 cases who were diagnosed with Cancer involving Mandible based on history, 
clinical findings and histopathology, were included under the study.  Out of total 30 patients 
20 were male and 10 were Female. All were in age group of 40-70 years. The cases were 
selected from the Department of Oral Medicine and Radiology, Tamil Nadu Government 
Dental College and Hospital, Chennai – 600 003.  
The patients who satisfied the following inclusion and exclusion criteria were selected for the 
study 
Inclusion Criteria: 
1. Patients with Histopathologically proven Malignant lesions  
2. Patients with Radiological proof of Bone invasion 
3. Co-operative patients 
4. Age :40-70 years 
5. Both genders. 
6. Willing to participate in study 
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Exclusion Criteria: 
1. Cases of  recurrence  
2. Cases with history of surgical excision or previous Radiotherapy 
3. Patient not able to co-operate for Cone Beam Computed Tomography Scan 
4. Patients without Histopathological confirmation of malignant lesion 
5. Not willing to participate in study 
METHODOLOGY: 
Total 30 patients reporting to the Department of Oral Medicine and Radiology were included 
in the study, based on inclusion and exclusion criteria. All those participants were explained 
about the design of the study, the need for thorough clinical examination and CBCT as a part 
of the study. Patients who gave a signed informed consent on an institutionally approved 
document were included in the study. The study protocol was approved by the Institutional 
Ethical Committee. 
Informed consent was obtained from every patient, and they were subjected to routine blood 
investigation and habit cessation counselling in our institution before and during the study. 
Complete medical history and clinical findings of all the cases were recorded in the structured 
Proforma prepared for the study. Patients with complaints and Clinical features suggestive of 
Malignancy of the mandible were subjected to a thorough History and clinical examination, 
details of which were entered into the structured proforma specially made for the study. 
CBCT for each patient was taken in Department of Oral Medicine and Radiology, Tamil 
Nadu Government Dental College and Hospital, Chennai–600 003 after which incisional 
biopsy was performed to get a confirmatory final diagnosis based on the histopathological 
features. The patients who were histopathologically confirmed to have features of 
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Malignancy were then taken up for the pre- operative evaluation with the CBCT scans 
already taken. 
Armamentarium: (Figure 1) 
Examination of the patient  
1) Electrically operated dental chair   
2) Patient’s apron   
3) Disposable mouth mask   
4) A pair of disposable latex examination gloves   
5) Stainless steel kidney trays   
6) Mouth mirror  
7) Stainless steel probe   
8) Tweezer   
9) Gauze 
10) Divider and Metallic ruler 
On diagnosis of Malignancy involving mandible (Figure 3) based on History and Clinical 
examination, patients were subjected to CBCT Examination. CS 9300 Select (Carestream 
Health, Inc.) cone beam 3D extraoral imaging system was used.(Figure 2) The CBCT 
machine had a scanning time of 12-28 seconds (+/- 10%), voxel size 90μm to 180μm, field of 
view 5x5cm, 8x8cm, 10x5cm, 10x10cm and fitted with a TFT sensor. For this study, field of 
view of10x10cm with voxel size of 180 μm was used. Exposure parameters for the patients 
varied from, tube voltage 60 - 90 kV, tube current 2 - 15 mA, with a scan time of 12- 28 
seconds. Routine radiation safety procedures were followed.  
Materials and Methods 
 
33 
 
Patients were positioned in standing position while taking the scan. The total image 
acquisition time was less than 2 minutes. Radiation exposure for a Single CBCT scan was in 
the range 0.02 to 0.08 mSv. The radiographic exposure for patients was well below the 
maximum permissible dose of 2.4 mSv as per the NCRP guidelines.  
The 3 D volumetric image data and the various sections were viewed in the Dental Imaging 
Software 6, 13, 1, 8(Copyright Carestream Health, Inc.,2013) on Hewlett- Packard HP Z220 
CMT Workstation running on Windows 7 Professional Operating System (Copyright © 2009 
Microsoft Corporation).  
The DICOM data was analyzed on secondary reconstructed orthogonal Axial, Coronal and 
Sagittal slices, Oblique Slices, reformatted OPG and reconstructed 3 dimensional images. 
Cross sectional CBCT images were evaluated to assess the site of invasion, size of invasion 
(mm), Periphery of the invasion, extension of the invasion, Internal structure of the invasion, 
pattern of invasion, Effect on periosteal cortex, Effect on inferior border of mandible, and 
Effect on Teeth and Periodontal Structures. Manual tracing of the inferior alveolar canal was 
done using the company proprietary software to assess Effect on Inferior alveolar canal in 
terms of effect on Cortex of canal and Width of canal, Effect on Mental Foramen. 
Clinical Features: 
Clinical Examination was performed on electrically operated dental chair using sterilized 
instruments. All features were expressed as binary numbers or quantitative value.  
(1)Presenting type:    
Lesions presenting with ulcerative appearance were defined as “1” 
Lesions presenting as Ulceroprolifearative growth were defined as “2”  
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Lesions presenting as verrucous hairlike growths were defined as “3” 
(2) Site of the Lesion: 
Mandible divided into 6 portions  
A- Right Retromolar Region 
B- Right posterior mandible (From distal surface of canine till last molar) 
C- Right Anterior mandible (canine to Midline) 
D- Left Anterior mandible (canine to Midline) 
E- Left posterior mandible (From distal surface of canine till last molar)  
F- Left Retromolar Region 
In case of invasion involving more than one regions, all the invaded regions were 
recorded to be invaded. 
(3) Associated with OSMF: 
Presence of OSMF was defined as “1”  
Absence of OSMF was defined as “0” 
(3)Parasthesia: 
Presence of Parasthesia of ipsilateral lower lip, chin region and gingiva of mandibular 
teeth was defined as “1” 
Absence of Parasthesia was defined as “0”  
 (4) Size of lesion -T (Clinical) 
Size of lesion <2cm (T1) was defined as “1”,  
Size of lesion 2-4cm (T2) was defined as “2”  
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 Size of lesion >4cm (T2) was defined as “3”. 
 (5)Regional Lymphnode involvement – N (Clinical) 
Absence of regional Lymphnode metastasis was defined as N0.  
Single clinically positive ipsilateral node less than 3 cm was defined as N1.  
Metastasis in single ipsilateral lymph node more than 3 cm but not more than 6 cm in 
greatest dimension was defined as N2a.  
Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest 
dimension were defined as N2b.  
Node nodes greater than 6 cm were defined as N3. 
(6)Distant Metastasis –M 
Absence of Distant Metastasis was defined as 0  
Presence of Distant Metastasis was defined as 1. 
(7)Dentition status 
Presence of mobility of tooth was defined as “1” 
Mobility associated with displacement of tooth was defined as “2”  
Absence of tooth secondary to exfoliation was defined as “3”.  
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Imaging features  
All the cases of clinically diagnosed cancers were subjected to CBCT evaluation. 
Measurements were performed and all imaging features were expressed as binary numbers or 
quantitative values. The CBCT images were evaluated with regard to the following aspects 
(1) Site: (Figure 4) 
Mandible divided into 6 portions  
G- Right Retromolar Region 
H- Right posterior mandible (From distal surface of canine till last molar) 
I- Right Anterior mandible (canine to Midline) 
J- Left Anterior mandible (canine to Midline) 
K- Left posterior mandible (From distal surface of canine till last molar)  
L- Left Retromolar Region 
In case of invasion involving more than one regions, all the invaded regions were 
recorded to be invaded. 
(2) Size(Figure 5) 
Maximum Measurement in Supero-inferior Direction (A) 
Maximum Measurement in Antero-Posterior Direction (B) 
Ratio of Maximum Measurement in Supero-inferior Direction to Maximum 
Measurement in Antero-Posterior Direction (A: B) 
(3) Extension of invasion (Figure 6) 
When the lesion crossed the midline a score of “1” was assigned and for the lesions 
confined to one side of midline a score of “0” was assigned.  
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(4)Invasion Pattern (Figure 7) 
The erosive pattern (U-shaped or scalloped bone destruction to the medullary bone 
with a smooth and well-defined margin, and no isolated bony spicules) was defined as 
“1”. 
The invasive or Infiltrative pattern (bone destruction with an irregular and ill-defined 
margin accompanied with bony spicules or isolated fragments) was defined as “2”.  
The mixed pattern (bone destruction with an irregular margin and intermediate 
features between the erosive and invasive patterns) was defined as “3”.  
(5) Effect on Periosteal Cortex(Figure 8) 
Erosion of Periosteal Cortex was defined as “1” 
Perforation of Periosteal Cortex was defined as “2”  
Presence of Periosteal reaction on Cortex was defined as “3”.  
In cases where both cortex were involve both the involvements were recorded. In 
cases of both cortexes appearing to be involved in different manner, both were 
recorded separately.  
(6) Inferior border of Mandible(Figure 9) 
An intact inferior border of Mandible was defined as “0”  
Discontinuity in the inferior border was defined as “1”.  
(7) Inferior Alveolar Canal(Figure 10) 
An intact Inferior Alveolar canal was defined as “0” 
Widening of Inferior alveolar Canal was defined as “1” 
Cortical destruction of Inferior alveolar canal was defined as “2”. 
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(8) Mental Foramen(Figure 11) 
An intact mental foramen was defined as “0” 
Erosion of Mental foramen cortex was defined as “1” 
Cortical destruction of mental foramen cortex was defined as “2”  
(9) Effect on Tooth and Periodontal Structure 
Cases in which teeth were absent were marked with “x”  
A. Displacement (Figure 12) 
Absence of displacement of tooth was defined as “0” 
Presence of Displacement was marked with “1”  
B. Lamina Dura(Figure 13A) 
Intact Lamina dura was defined as “0”  
Loss of lamina dura was defined as “1”  
C. Periodontal ligament space(Figure 13B) 
Intact Periodontal ligament space was defined as “0”  
Widening of Periodontal ligament space was defined as “1”  
Complete destruction of periodontal ligament space leading to floating tooth 
appearance was defined as “2”  
Histopathological Feature: 
Lesion diagnosed as well differentiated Squamous cell carcinoma were defined as 
“1” 
Lesion diagnosed as moderately differentiated Squamous cell carcinoma were 
defined as “2” 
Lesion diagnosed as poorly differentiated Squamous cell carcinoma were defined 
as “3”.  
Lesions diagnosed as Verrucous Carcinoma were defined as “4”. 
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FIGURE 1 
ARMAMENTERIUM 
 
FIGURE 2 
CBCT MACHINE (CARESTREAM 9300 SELECT, 90 kVp, 15MA, 28S) 
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FIGURE 3A 
ULCEROPROLIFERATIVE GROWTH 
OF RIGHT ALVEOLUS AND RETROMOLAR REGION 
 
 
FIGURE3B 
ULCERATIVE LESION OF LFFT ALVEOLUS 
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FIGURE 3C 
VERRUCOUS LESION OF RIGHT ALVEOLUS 
 
 
FIGURE 4 
MAXIMUM MEASUREMENT IN SUPERO-INFERIOR DIRECTION (A) AND 
ANTERO-POSTERIOR DIRECTION (B) 
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FIGURE 5 
REFORMATTED PANORAMIC IMAGE SHOWING SIX SITES 
 
 
FIGURE 6 
REFORMATTED PANORAMIC IMAGE SHOWING LESION CROSSING THE 
MIDLINE 
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FIGURE 7A EROSIVE INVASION 
 
 
 
FIGURE 7B INFILTRATIVE INVASION 
 
 
 
FIGURE 7C MIXED INVASION 
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FIGURE 8A BUCCAL CORTEX PERFORATION ((Coronal and Axial Section) 
 
 
FIGURE 8B LINGUAL CORTX PERFORATION (Sagittal and Axial Section) 
 
 
FIGURE 8C BICORTICAL PERIOSTEAL REACTION (Coronal and Axial Section) 
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FIGURE 9 
PATHOLOGICAL FRACTURE OF LEFT BODY OF MANDIBLE 
(Panoramic Reconstruction, Axial section and Coronal Section) 
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FIGURE 10 A. WIDENED LEFT INFERIOR ALVEOLAR CANAL 
(Panoramic Reconstruction) 
 
 
 
FIGURE 10 B.CORTICAL DESTRUCTION OF LEFT INFERIOR ALVEOLAR 
CANAL (Panoramic Reconstruction) 
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FIGURE 11 
CORTICAL DESTRUCTION OF RIGHT MENTAL FORAMEN 
(Axial Section and Coronal Section) 
 
 
FIGURE 12 
SUPERO-LINGUAL DISPLACEMENT OF MANDIBULAR RIGHT 2
ND
 MOLAR 
(3D Reconstruction and Coronal Section) 
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FIGURE 13 A. WIDENING OF PERIODONTAL LIGAMENT SPACE 
(Panoramic Reconstruction and Axial Section) 
 
 
 
 
 
FIGURE 13B. LOSS OF LAMINA DURA AND DESTRUCTION OF PERIODONTAL 
LIGAMENT SPACE (FLOATING TEETH) 
(Panoramic Reconstruction and Axial Section) 
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STATISTICAL ANALYSIS 
Statistical analysis was done with SPSS (Statistical Package for Social Sciences) version 24. 
Distribution and frequency were estimated for each variable. Arithmetic Mean and Standard 
Deviation were estimated for different variables. Comparison of the quantitative and 
parametric data was done using One Way ANOVA and the comparison of the categorical 
data was done using CHI square test. P value of < 0.05 was considered as significant in the 
present study.  
The P value or calculated probability was the estimated probability of rejecting the null 
hypothesis (H0) of a study question when that hypothesis was true. The smaller the p- value, 
the more significant the result was said to be. All P- values are two tailed, and confidence 
intervals were calculated at the 95% level. Differences between the two set of data were 
considered significant when p ≤ 0.05. 
 
Results and Observations 
 
40 
 
RESULTS AND OBSERVATIONS 
This clinical study was conducted among the patients attending the Department of Oral 
Medicine and Radiology, Tamilnadu Government Dental College and Hospital. Totally 30 
cases of Mandibular cancer were included, having complaints of malignant lesion of oral 
cavity, and were assessed for clinical features such as Presentation, Site, Size, Lymphnode 
involvement, Association with OSMF, Status of dentition. These patients were then subjected 
to CBCT of Mandible for radiological assessment. Descriptive analysis of the Clinical 
Features, Radiological features and Histopathological Features was done and association of 
Radiological features to Clinical feature and Histopathological was assessed. 
Chart 1 shows gender distribution. Out of 30 patients in the study, there were 10 (33%) 
females and 20 (67 %) males. A male predilection of 2:1 was observed..  
Table 1 shows the age of distribution of the cases. Minimum age of the patient in the study 
was 40 and maximum age was 70 year with mean age of 54.9 years.  
Chart 2 shows distribution Clinical presentation. Out of 30 Patients 83% patients presented 
with Ulceroprolifearative lesion, 10% with ulcerative lesion and 7% with hair-like growth 
showing verrucous pattern. 
Chart 3 represents the Distribution of Clinical Site involvement. Right posterior Alveolus 
was most commonly involved site in the distribution with 36% cases followed by Left 
posterior alveolus in 31%. Left Anterior Alveolus and Retromolar areas were least involved 
in the cases. Amongst these cases, 54% patient had Oral submucous fibrosis (OSMF) and 
54% Patients had Parasthesia.  
Chart 4 shows distribution of Clinical size of lesion. 74% of cases had size of lesion > 4cm 
(T3) whereas only 3% cases presented with Lesion size less than 2 cm (T1). Out of 30 cases, 
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40% had no Regional Lymphnode involvement. Amongst the cases having Lymphnode 
involvement 43% of cases had highest N2b stage of Lymphnode metastasis, and only 3% 
cases had N1 stage involvement. None of the cases were found to be having distant 
metastasis. TNM Staging was done based on Clinical findings. In these cases 60% of cases 
were graded as TNM Stage IV, 23% were Stage III and 17% cases were Stage II.  None of 
cases were graded as Stage I.    
Chart 5 shows distribution of effect on Dentition status. On assessment of status of Dentition 
in 24% of cases Teeth were missing secondary to exfoliation. 63% cases showed Mobility 
and 13 % cases showed presence of displacement.  
All the patients were subjected to CBCT for mandible. Radiological analysis was performed 
for all cases.  
On assessment with CBCT, Maximum cases (35%) with invasion were present in relation to 
Right Posterior Alveolus. Chart 6 shows correlation of clinical and CBCT site of 
involvement. On correlating the Site of involvement it was found that sites of involvement 
were more in assessment with CBCT than Clinical assessment, showing spread of Bone 
invasion goes beyond the site of Clinical lesion.. 
Table 2 shows extension of Bone invasion within mandible. Mean value of Extension of 
Bone invasion in Supero inferior (A) and Antero-posterior (B) direction were 22.7mm and 
43.6mm respectively with mean of ratios of A and B being 0.7. This explains patter of bone 
invasion seen in mandible being faster in antero posterior direction than in supero inferior 
direction. Total 13% of cases were found to be crossing midline and entering in opposite 
quadrant.  
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Table 3 shows distribution of pattern of bone invasion in mandible. Out of 30 cases 27% 
cases had Erosive pattern of bone invasion, 30%cases had infiltrative pattern of bone invasion 
and 43% cases had mixed invasive pattern. The pattern of bone of bone invasion was 
associated with Clinical Presentation. Erosive pattern was found exclusively in lesions 
presenting as Ulceroprolifearative growth. All cases of verrucous presentation appeared to 
have mixed pattern of bone invasion. All the lesions presenting as ulcer had infiltrative 
pattern of invasion. Value of Pearson Chi square test for this association was 10.18 and it was 
statistically significant (P<0.05). This association is depicted in Chart 7. 
The Invasion pattern was also associated with Parasthesia.75% of cases with erosive pattern 
and 89% of cases with infiltrative pattern presented with Parasthesia, whereas 69% cases with 
mixed invasion pattern had no Parasthesia. Value of Pearson Chi square test for this 
association was 8.5 and it was statistically significant (P<0.05). This association is depicted 
in Chart 8. 
Table 4 depicts the distribution of cortical involvement in mandible. On assessment of 
involvement of cortex, 77% cases had buccal cortical involvement and 80% cases had 
Lingual cortical involvement. Cortical perforation was most frequently noted, it being 60% of 
times present on buccal cortex, 50% of times in lingual cortex. 7% of cases of buccal cortex 
involvement and 3% cases of lingual cortex involvement presented in form of periosteal 
reaction. While checking association between cortical involvements with Parasthesia, it was 
found that 78% of cases with Buccal Cortex perforation and 87% of cases with Lingual 
Cortex Perforation had Parasthesia. 100% of cases with buccal cortical erosion and 75% of 
cases with lingual cortical erosion did not have Parasthesia. 100% of cases with periosteal 
reaction were associated with Parasthesia. Values of Pearson Chi square test for this 
association was for Buccal and lingual Cortex were 11.08 and 10.97. Both of them were 
statistically significant (P<0.05).  
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Table 5 shows details of cases with presence of pathological fracture. On assessment of 
Inferior border of mandible it was found that 27% patients had pathological fracture, amongst 
these cases out of which 75% were females. The M: F ratio was 1:3.  Mean age of these 
patients was 55.9.This association between Gender and Pathological fracture was statistically 
significant (P<0.05). 
Chart 9 shows association between pathological fractures with midline crossing. 13.3% 
cases were found to be crossing midline, amongst these, 75% cases were associated with 
pathological fracture. Value of Pearson Chi square test for this association was 5.51 and it 
was statistically significant (P<0.05).  
Table 6 shows distribution of effects found in Inferior Alveolar Nerve (IAN) canal and 
mental foramen. On assessment it was found that 67% of cases had IAN Canal involvement. 
Amongst these 95% presented in form of cortical destruction of canal and 5% had widening 
of canal present.   In 33% of cases observed, mental foramen was involved with 60% of cases 
appearing as cortical destruction whereas 40% presented in form of cortical erosion.   
When association of this IAN involvement with clinical presentation was done, it was noted 
that all the cases presenting as ulcerative lesion had IAN Canal perforation present. Only case 
of widening of canal was noted in verrucous lesion. All cases of intact IAN canal were 
present in association with Ulceroproliferative growth. Value of Pearson Chi square test for 
this association was 16.8 and it was statistically significant (P<0.05). This association is 
depicted in Chart 10. 
IAN involvement was also associated with Invasion pattern. On assessment it was found that 
100% of cases with infiltrative invasion had done cortical destruction of IAN Canal and 54% 
of mixed invasion lesion had IAN Canal intact. Value of Pearson Chi square test for this 
association was 8.5 and it was statistically significant (P<0.05). This association is depicted 
in Chart 11. 
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On assessing Correlation of IAN Canal involvement with complaint of Parasthesia, we noted 
that out of 16 out of 19cases with IAN Canal cortical destruction had Parasthesia.   8 out of 
10 cases without complaint of Parasthesia had their IAN intact. Value of Pearson Chi square 
test for this association was 12.8 and it was statistically significant (P<0.05). This association 
is depicted in Chart 12. 
Table 7 shows distribution of effects on dental and periodontal structure seen on CBCT 
assessment.  It was found that out of cases with teeth present, 36% had loss of lamina dura 
present. Most common effect seen on PDL Space was widening with 61% of cases. Tooth 
displacement was found in 22% of cases.  
Following CBCT examination all the cases were graded as Stage IV in TNM staging. All the 
cases were examined with Incisional Biopsy for histopathological examination. Table 8 
shows distribution of Histopathological diagnosis amongst sample cases. 
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TABLES 
TABLE 1: AGE DISTRIBUTION (n=30) 
Parameter n Minimum Maximum Mean Std. Deviation 
Age 30 40.0 70.0 55 9.21 
TABLE 2: EXTENSION OF INVASION IN MANDIBLE(n=30) 
Extension 
Minimum (mm) Maximum (mm) 
Mean Std. Deviation 
Supero-Inferior (A) 8.80 62.70 22.7 10.87 
Antero-Posterior (B) 3.80 128.80 43.6 22.52 
A:B RATIO 0.20 3.37 0.70 0.68 
TABLE 3: DISTRIBUTION OF PATTERN OF INVASION IN BONE(n=30) 
Invasion Pattern Frequency Percent 
Erosive 8 27 
Invasive (Infiltrative) 9 30 
Mixed 13 43 
Total 30 100.0 
TABLE 4: DISTRIBUTION OF CORTEX INVOLVEMENT(n=30) 
Cortex 
CBCT Feature 
Not involved Erosion Perforation Periosteal reaction 
Buccal Cortex 23% 10% 60% 7% 
Lingual Corex 20% 27% 50% 3% 
Bilateral cortex 0.0% 3% 94% 3% 
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TABLE 5: AGE AND GENDER DISTRIBUTION AMOGST PATIENTS WITH 
PATHOLOGICAL FRACTURE (n=30) 
Serial no. Age Gender 
1. 50 F 
2. 52 F 
3. 60 F 
4. 60 F 
5. 48 M 
6. 50 M 
7. 60 F 
8. 67 F 
 Mean Age: 55.9 M:F = 1 : 3 
 
TABLE 6: IAN CANAL AND MENTAL FORAMEN INVOLVEMENT (n=30) 
IAN canal 
Intact 
33% 
Widened 
3% 
Cortical Destruction 
64% 
Mental Foramen 
Intact 
66% 
Erosion 
11% 
Cortical Destruction 
20% 
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TABLE 7: CBCT ASSESSMENT OF EFFECT ON DENTITION (n=30) 
Structure Effect detected on CBCT Percentage 
Lamina Dura 
Intact 4% 
Lost 96% 
PDL Space 
Intact 4% 
Widening 61% 
Destruction (Floating tooth) 35% 
Tooth Displacement 
Absent 78% 
Present 22% 
 
TABLE 8: HISTOPATHOLOGICAL DIAGNOSIS (n=30) 
Histopathological Diagnosis Percent of cases 
Well Differentiated Squamous Cell Carcinoma 43% 
Moderately Differentiated Squamous Cell Carcinoma 50% 
Verrucous Cacinoma 7% 
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CHART 1: GENDER DISTRIBUTION 
 
CHART 2: CLINICAL PRESENTATION DISTRIBUTION 
 
CHART 3: CLINICAL SITE OF LESION DISTRIBUTION 
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CHART 4: CLINICAL SIZE OF LESION DISTRIBUTION 
 
CHART 5:  DISTRIBUTION OF EFFECT ON DENTITION 
 
CHART 6: ASSOCIATION BETWEEN CLINICAL AND CBCT SITES OF 
INVOLVEMENT 
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CHART 7: ASSOCIATION BETWEEN CLINICAL PRESENTATION AND CBCT 
INVASION PATTERN 
 
CHART 8: ASSOCIATION OF CBCT INVASION PATTERN WITH PARASTHESIA 
 
CHART 9: ASSOCIATION OF CROSSING MIDLINE WITH PATHOLOGICAL 
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CHART 10: ASSOCIATION OF IAN INVOLVEMENT WITH CLINICAL 
PRESENTATION 
 
CHART 10: ASSOCIATION OF IAN INVOLVEMENT WITH INVASION PATTERN 
 
CHART 11: ASSOCIATION OF IAN INVOLVEMENT WITH PARASTHESIA 
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DISCUSSION 
The ingress of CBCT has made a massive impact in the field of Maxillofacial imaging, 
providing novel method of the three Dimensional evaluation for diagnosis of various 
pathologies of Maxillofacial region. Even though it is easy to detect oral cancer clinically due 
to obvious clinical features, signs and symptoms in majority of the cases, the presence, extent 
and pattern of invasion in Bone and involvement of Intraosseous vital structures are needed to 
be evaluated for the treatment planing and predict prognosis. MDCT is traditional imaging 
method of choice to detect intraosseous involvement for treatment planning. Consensus 
guidelines on Radiation Protection put forward by European Academy of Dental and 
Maxillofacial Radiology (2011) mentions indication of Limited volume and high resolution 
CBCT for evaluation of bony invasion of the jaws by oral carcinoma.
88, 89
 
Studies done by Czerwonka et al
85
 (2017), Hakim et al
86
 (2014), Dreiseidler et al
16
 (2011), 
Hendrikx et al
87
 (2010) and Momin et al
17
 (2009) to compare the ability of CBCT and CT in 
detecting Bony invasion in Oral cancer have found the Sensitivity of CBCT  to be superior 
than MDCT. Specificity of CBCT in detecting invasion varies in the studies, ranging from 
60% to 100%. The reason for this discrepancy is not clear.  
No studies have been conducted to describe CBCT features extension and Pattern of Bone 
Invasion, and its effect on adjacent structures. In this study extension and pattern of Bone 
invasion and involvement of osseous and intraosseous vital structures were studied. An 
attempt was made to find association of the Radiological features with Clinical feature and 
Histopathological features. 
In this study, out of total 30 patients, 20 patients (67%) were male and 10 (33%) were female. 
Gender distribution with male predilection of 2:1 was in with concordance with established 
male predilection seen in cases of Oral Carcinoma. The increased incidence of Oral cancer in 
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males has been associated with increased use of different form of tobacco products. This 
Gender distribution can be seen in Chart 1.  
As seen in Table 1, mean age of study population was found to be 55 Years. This again is in 
agreement with the fact that Oral cancer is a disease of increasing age, the reason being 
accumulation of time dependent factors resulting in initiation and progression of genetic 
events and declining immune surveillance with age that result in malignant change.  
As seen in Chart 2, Out of 30 Patients 83% patients presented with Ulceroprolifearative 
lesion, 10% with ulcerative lesion and 7% presented with hair-like growth showing verrucous 
pattern. The site of lesion is associated with the tobacco use. This study had 67% of cases that 
involved either right or left posterior alveolus as seen in Chart 3. This is in concordance with 
the fact that in Indian subcontinent the cancers of gingivobuccal sulcus, tongue, and buccal 
mucosa are common due to placement of tobacco quid under the tongue, under the buccal 
mucosa and under the lip. Cancer of floor of mouth and tongue are more prevalent in western 
countries
3, 4
. Although most oral cavity squamous cell carcinomas begin as a red-white patch, 
this classic presentation is eventually destroyed by a developing exophytic or endophytic 
mass. Exophytic carcinomas are mass-forming lesions, and may be nodular, fungating, 
papillary, or verruciform in appearance. endophytic growth pattern is characterized by a 
depressed, irregularly shaped, ulcerated central area with a surrounding “rolled” border of 
normal, red or white mucosa. The rolled border results from invasion of the tumor downward 
and laterally under adjacent epithelium. 
About 50% of patients with oral cancer delay their first visit to a healthcare professional for 
1-2 months after becoming aware of symptoms. Reason for delayed detection of cancers 
range from absence of severe symptoms, financial problems, and unawareness of the public 
to sometimes delay on health professional’s part in referral to specialist.90,91 As seen in Chart 
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4, 74% of cases presented with size of lesion > 4cm (T3) and 60% had Regional Lymphnode 
involvement. Amongst the cases having Lymphnode involvement 43% of cases had highest 
N2b stage of Lymphnode metastasis. These data is in concordance with fact that first 
detection of cancer is done at relatively advanced stage. 
Amongst all the cases of the study, 60% of patients had Parasthesia of ipsilateral lower lip 
and gingiva of the mandibular teeth. These findings are suggestive of invasion of tumour into 
Inferior alveolar canal leading to destruction of the inferior alveolar nerve passing through 
the canal which provides sensory supply to the areas of lower lip, and gingiva.
46
    
Chart 5 shows distribution of effect on Teeth in terms of tooth loss, mobility and 
displacement. On assessment of status of Dentition it was found that in 24% of cases Teeth 
were missing secondary to exfoliation. 63% cases showed Mobility and 13 % cases showed 
presence of displacement.  
All the patients were subjected to CBCT for mandible. Radiological analysis was performed 
for all cases. On assessing the extension of involvement of areas of mandible and then 
comparing them with Clinical findings showed that the invasion was present in areas beyond 
the limits of clinical lesion. Chart 6 depicts the areas involved clinically compared with 
radiological evidence of presence of bony invasion. On Clinical Examination 60% of cases 
were graded as TNM Stage IV, 23% were Stage III and 17% cases were Stage II.  None of 
cases were graded as Stage I. CBCT examination all cases were found to be invading the 
bone and were staged as Stage IV. These findings highlight importance of CBCT 
investigation in evaluating presence and extension of invasion and in treatment planing of 
Oral Cancer. Size assessed by clinical examination alone disregards the actual area of 
involvement and area of the jaw that requires to be excised is more compared to area of 
clinical involvement of jaw as the bony invasion crosses the boundary of clinical involvement 
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extension. However it has to be noted that in addition to clinical osseous involvement of 
mandible by Oral cancer, invasion in to soft tissue and surrounding spaces also requires 
attention as well does the involvement f regional lymphnode by metastasis. CBCT has poor 
soft tissue window and is of little or no help in determining presence or extension of 
involvement of soft tissue invasion.
85, 86
 MRI is best modality to evaluate presence of 
invasion into soft tissue i.e. Muscles, Spaces, Tongue, Floor of mouth, Pharynx and to detect 
regional lymphnode metastasis.
57, 58
 Provided the finding that CBCT being more sensitive 
than MDCT in detecting bone invasion
16,17,87-89
, it is advisable to use CBCT with MRI in 
treatment planing in cases of Oral cancer. 
Presence of Extension and Pattern of bony invasion in mandible were studied in CBCT. On 
studying pattern of extension it was found that Bone invasion in Supero inferior (A) and 
Antero-posterior (B) direction were 22.7mm and 43.6mm respectively with mean of ratios of 
A and B being 0.7 (Table 2). The pattern that appears here suggests that invasion by cancer is 
more in horizontal direction compared with vertical spread. This explains invasion being 
faster in antero posterior direction than in supero inferior direction. This also explains why 
only 27% of cases had presence of pathological fracture even after 74% of cases being 
detected in T3 stage.  Total 13% of cases were found to be crossing midline and entering in 
opposite quadrant.  
All the three pattern of invasion described by Nakamaya, i.e. Erosive, Infiltrative and Mixed 
were found in the patients.
46
 Out of 30 cases 27% cases had Erosive pattern of bone invasion, 
30% cases had infiltrative pattern of bone invasion and 43% cases had mixed invasive 
pattern. (Table 3) The pattern of bone of bone invasion was associated with Clinical 
Presentation. Erosive pattern was found exclusively in lesions presenting as 
Ulceroprolifearative growth. All cases of verrucous presentation appeared to have mixed 
pattern of bone invasion. All the lesions presenting as ulcer (endophytic growth) had 
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infiltrative pattern of invasion. When the association of pattern of invasion was done with 
Clinical and other radiological features, the infiltrative/invasive pattern was found to be most 
aggressive form in terms of destruction of osseous and intraosseous structures. 89% of cases 
with infiltrative pattern presented with Parasthesia (Table 8), 100% of cases with infiltrative 
invasion had bone cortical destruction (Chart 11), 75% of cases with pathological fractures 
had invasive pattern of bone invasion. The mixed pattern of invasion was the least aggressive 
form amongst three patterns. This study proves endophytic growth being more aggressive 
than Exophytic growth. 
In the study, assessment of involvement of cortex revealed 77% cases had buccal cortical 
involvement and 80% cases had Lingual cortical involvement. 7% of cases of buccal cortex 
involvement and 3% cases of lingual cortex involvement also presented in form of periosteal 
reaction (Table 4).  This shows that Cortex sometimes in addition to destructive response 
may also appear with periosteal new bone formation.  
On assessment of Inferior border of mandible it was found that 27% patients had pathological 
fracture, amongst these cases 75% were females (Table 5). The M: F ratio was 1:3.  Mean 
age of these patients was 56. Female Gender Predilection and Increased age are in 
concordance with findings of C. Jasmin et al. that the mean age of cancer patients with a 
pathological fracture is 61 years and the Female: male ratio is 4:1.
92
 Female appear to  have 
more frequency of pathological fracture because: (1) women have less bone mass than men to 
begin with (2) they begin losing it earlier (starting around age 35) (3) they lose it faster than 
men do (4) after menopause, the ovaries no longer produce estrogen.
92
  
As seen in Table 6, 67% of cases had Inferior alveolar Canal involvement. Amongst these 
95% presented in form of cortical destruction of canal and 5% had widening of canal present.   
In 33% of cases observed, mental foramen was involved with 60% of cases appearing as 
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cortical destruction whereas 40% presented in form of cortical erosion. When association of 
this Inferior alveolar canal involvement with clinical presentation was done, it was noted that 
all the cases presenting as ulcerative lesion had Inferior alveolar canal perforation present. 
Only case of widening of canal was noted in verrucous lesion. Possible hypothesis for 
widening of canal be the growth of tumor along the canal without causing the destruction. All 
cases of intact Inferior alveolar canal were present in association with Ulceroproliferative 
growth (Chart 10). On assessing Correlation of Inferior alveolar canal involvement with 
complaint of Parasthesia, we noted that 84% cases with Inferior alveolar canal cortical 
destruction had Parasthesia.   8 out of 10 cases without complaint of Parasthesia had their 
IAN intact. These findings show ability of CBCT in detecting involvement of vital structure 
in the mandible. Involvement of canal in mandible also may allow easy passage of tumor 
spread in the surrounding organs and use of Soft tissue assessment modality may help in 
further planing treatment in terms of deciding extent of excision margins. We could note that 
16 % of cases with Inferior alveolar canal involvement did not have Parasthesia. The possible 
cause could be preservation of the inferior alveolar nerve canal fibers or the tumor growing in 
opposite direction than the canal.  
An important assessment is the one of effect on dental and periodontal structures. Many a 
times in cases of oral cancer it may be decided to treat the case with radiotherapy. In such 
cases it is required to have prophylactic extraction of compromised teeth before beginning of 
the radiotherapy so as to prevent post radiotherapy complications such as 
Osteoradionercrosis.
93
 CBCT recorded to evaluate the bony invasion will also help in 
precisely evaluate the condition and status of Dentition and deciding between extraction and 
non extraction requirements.    
On histopathological examination, 50% cases were moderately differentiated carcinoma, 43% 
were well differentiated carcinoma and 7% were verrucous carcinoma. In the present study 
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attempt was made to associate the histopathological features with CBCT features. None of 
the association was found to be statistically significant. 
Although CBCT is helpful and significantly more sensitive in detecting bony invasion by 
malignant process, its inability to detect soft tissue invasion is a drawback of it being 
independently used in the treatment planing for oral cancer. Following are some of the 
Limitations of CBCT 
CBCT can only demonstrate limited contrast resolution, main reason being a high scatter 
radiation during image acquisition as well as inherent artifacts such as  flat panel detector 
related artifacts.  
If our objective is to examine hard tissue only, use of CBCT will be undisputed; however, if 
soft tissue needs to be evaluated, CBCT will not be sufficient for evaluation. 
Due to ongoing updates and advances in the technology, the Streaking artifacts and motion 
artifacts have largely been limited with latest CBCT units; however, they are not completely 
avoided. 
The features descriptive of mandibular invasion by oral cancer process as described in this 
study can be helpful in detecting extension and pattern bone invasion, effect on adjacent 
structure, pathological fractures, differentiating the invasion from non malignant process and 
planing of treatment to decide boundaries of surgical excision of the malignancy  and 
determine the prognosis.   
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SUMMARY AND CONCLUSION 
This Cross-sectional Descriptive study was conducted in Department of Oral Medicine and 
Radiology to study the Cone Beam Computed tomography features in Patients with Oral 
cancer with Bony invasion of Mandible. This study included total 30 patients (20 males, 10 
females) with primary, untreated, pathologically proven Oral Cancers showing male 
predominance. The patients in the present study fell into the age group ranging from 40 to 70 
years with the mean age of 55 years.   
Maximum of Patients (83%) patients presented with Ulceroprolifearative lesion, 10% with 
ulcerative lesion and 7% had hair-like growth. 74% of cases presented at an advanced stage 
with tumor size of >4cm (T3). 60% of cases also had presence of Lymphnode involvement. 
60% of patients had complaints of Parasthesia of ipsilateral lower lip and chin region with 
Parasthesia of gingival tissue of ipsilateral mandibular teeth. Mandibular cancer appeared to 
be affecting dentition in forms of Mobility, Displacement an Exfoliation , all three present in 
frequency of 13%, 63% and 24%. 
On CBCT examination it was found that areas of invasion appeared to be more than the 
clinical extension of the lesion.  It was also noticeable that the spread of invasion was faster 
and more in antero-posterior direction than in vertical direction.  13% of cases were found to 
be crossing midline. On assessment of pattern of invasion the mixed invasion pattern was 
found to be most common amongst the cases, with infiltrative pattern being most aggressive 
in terms of destruction of osseous structure and intraosseous structure whereas the erosive 
pattern was found to be least aggressive amongst the three forms. Prevalence of   pathological 
fractures amongst the study group showed obvious female gender predilection. Involvement 
of inferior alveolar canal was in form of cortical destruction (95%), with only 5% cases 
presenting as canal widening.  84% cases with Inferior alveolar Canal cortical destruction had 
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Parasthesia. None of the association between radiological and histopathological features was 
found to statistically significant. Limitation of CBCT is the inability to detect soft tissue 
invasion. The study describes features of CBCT related to Bony invasion in cases of oral 
cancer. The drawback of use of CBCT in assessment of bony invasion for treatment planing 
is that it cannot assess the amount of Soft tissue invasion and MRI needs to be recorded to 
find out soft. However, a study conducted on a larger population will be required to postulate 
associations between histopathological features and radiological features.   
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Appendix 
 
PATIENT INFORMATION SHEET 
 
Title of the study: “CBCT Analysis of patients with malignancy involving mandible-A 
Cross-sectional Descriptive Study.”.  
 
Name of research institution - Tamilnadu Government Dental College & Hospital, Chennai-03 
 
Purpose of the study: 
The Aim of this study is to evaluate Cone Beam Computed Tomography in analysis of Patients 
of Malignancy involving mandible 
 
Procedures: 
Patient selection followed by obtaining thorough history and informed consent. Complete 
Clinical Examination (intra and extra oral examination) by using diagnostic instrument set. 
Provisional Diagnosis as Malignant lesion followed by Cone Beam CT Scan examination and 
Confirmation through Biopsy 
 
Risk of participation and protection: 
Risk of Radiation exposure 
Protection: Standard guidelines for radiation protection will be followed. 
 
Benefits: 
Patient will be benefited by more accurate evaluation of osseous invasion followed by 
appropriate treatment for malignancies of mandible. Benefits of the study: description of 
CBCT features of malignancy involving mandible. 
 
Confidentiality 
The identity of the patients participating in the research will be kept confidential throughout 
the study. In the event of any publication or presentation resulting from the research, no 
personally identifiable information will be shared. 
 
Participant’s rights 
Taking part in the study is voluntary. You are free to decide whether to participate in the 
study or to withdraw at any time; your decision will not result in any loss of benefits to which 
you are otherwise entitled. The results of the special study may be intimated to you at the end 
of the study period or during the study if anything is found abnormal which may aid in the 
management or treatment. 
 
Compensation: Nil 
 
Contact For queries related to the study: 
 
Dr.Bhaumik Joshi 
Department of Oral Medicine and Radiology 
Tamilnadu Govt. Dental College and 
Hospital 
Chennai – 600003 
Phone Number: 9566093099 
(For queries related to the   rights as a study participant, please write to: The Chairman, 
The Ethical Committee, Tamilnadu Government Dental College & Hospital, Chennai – 
600003) 
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Appendix 
 
Informed Consent Form 
 
Study title : 
“CBCT Analysis of patients with malignancy involving mandible-A Cross-
sectional Descriptive Study”                                                   
                                                          
                                                                                              Participant ID No: 
 
“I have read the foregoing information, or it has been read to me. I have had the 
opportunity to ask questions about it and any questions I have asked have been 
answered to my satisfaction. I consent voluntarily to participate as a participant in this 
study and understand that I have the right to withdraw from the study at any time 
without in any way it affecting my further medical care.” 
 
 
Date Name of the participant   Signature/thumb impression of  
the participant 
 
[The literate witness selected by the participant must sign the informed consent form. The witness 
should not have any relationship with the research team; If the participant doesn’t want to disclose 
his / her participation details to others, in view of respecting the wishes of the participant, he / she 
can be allowed to waive from the witness procedure (This is applicable to literate participant ONLY). 
This should be documented by the study staff by getting signature from the prospective participant] 
 
_____________________________________________________________________________________________________
____ 
 
_____________________________________________________ 
 
 
 
“I have witnessed the accurate reading of the consent form to the potential participant 
and the individual has had opportunity to ask questions. I confirm that the individual 
has given consent freely” 
 
 
Date Name of the witness Signature of the witness 
 
 
 
Date Name of the Signature of the interviewer  
interviewer 
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1 46 M 2 B 1 1 1 3 2a 0 IV 2 B 22 42.2 0.52 0 3 2 0 0 2 0 1 1 1 IV 1 
2 70 M 2 A 1 1 1 2 1 0 III 2 A 25.5 44.6 0.57 0 1 0 1 0 0 0 1 1 1 IV 2 
3 40 M 2 B 1 1 1 3 2a 0 IV 1 B 24.1 43.2 0.69 0 2 2 2 0 2 1 0 1 2 IV 2 
4 51 M 2 B,C 1 1 1 3 2b 0 IV 1 B,C,
D 
17 58.4 0.29 1 1 2 2 0 2 2 0 1 2 IV 1 
5 63 M 2 E 1 0 0 2 0 0 II 1 E 14.1 39.6 0.36 0 1 2 0 0 0 0 0 1 1 IV 2 
6 60 F 2 B 0 1 1 1 2a 0 IV 3 B 19 42.8 0.44 0 3 3 3 0 2 1 X X X IV 2 
7 50 F 1 B 0 1 1 3 2a 0 IV 3 B 16.8 58.6 0.29 0 2 2 2 1 2 1 X X X IV 2 
8 44 F 2 B,C 0 1 1 3 2b 0 IV 3 A,B,
C,D 
31.8 53.2 0.59 0 2 2 2 1 2 2 X X X IV 1 
9 45 M 3 B 0 0 0 3 0 0 IV 3 B 10.7 53.1 0.20 0 3 1 0 0 1 0 X X X IV 4 
  
10 51 M 3 B 0 0 0 3 0 0 IV 1 A,B 24.3 50.7 0.48 0 3 1 1 0 2 0 0 1 2 IV 4 
11 65 M 2 D,E 1 1 1 3 2b 0 IV 1 D,E 17.2 43.4 0.40 0 3 3 0 0 2 0 0 1 1 IV 1 
12 60 F 2 E 0 1 1 3 2a 0 IV 3 E,F 22.7 37.3 0.61 0 1 2 2 1 2 0 X X X IV 2 
13 65 F 1 E 1 0 0 2 0 0 II 1 E 29.2 19.9 1.47 0 2 2 2 0 2 0 0 1 1 IV 2 
14 60 F 2 B 1 1 1 3 2a 0 IV 1 B,C,
D 
29 91.8 0.32 1 2 2 2 1 2 2 0 1 2 IV 1 
15 45 F 2 F 0 0 1 2 0 0 II 1 A,B 13.4 27.2 0.49 0 3 2 0 0 2 0 0 1 1 IV 1 
16 60 F 2 E 1 0 1 3 0 0 III 1 A,B 8.8 3.8 2.31 0 3 0 1 0 0 0 0 0 0 IV 1 
17 36 M 2 E 0 1 1 3 2a 0 IV 1 E 34.2 52.2 0.66 0 2 2 2 1 2 2 0 1 2 IV 1 
18 62 M 2 E 1 0 0 2 0 0 II 1 E 10 35.9 0.28 0 3 1 0 0 0 0 0 1 1 IV 2 
19 68 M 2 F 1 0 0 3 0 0 III 1 E,F 30.1 39.6 0.76 0 3 0 1 0 0 0 1 1 1 IV 1 
20 50 M 2 B 1 1 0 3 2a 0 IV 1 B 12 28 0.43 0 3 0 1 0 0 0 0 1 1 IV 2 
21 50 F 2 C 0 1 0 3 2a 0 IV 3 C,D 22.8 36.1 0.63 1 2 2 2 1 2 2 X X X IV 1 
22 47 M 2 B 1 1 1 3 2a 0 IV 3 B 30.2 48.2 0.63 0 1 2 2 0 2 0 X X X IV 1 
23 60 M 1 C,D 1 1 1 3 2b 0 IV 1 A,B,
C,D,
E,F 
28.1 128.8 0.22 1 2 2 2 1 2 1 0 1 2 IV 2 
  
 
A-Maximum Supero-Inferior Extension (mm) 
B-Maximum Antero-posterior Extension (mm) 
A:B-Ratio of Maximum dimension in Supero-Inferior Extension 
to Antero-posterior Extension 
CBCT-Cone Beam Computed Tomography 
H/P-Histopathological Diagnosis 
IAN-Inferior Alveolar Nerve 
LN-Lymphnode 
M-Distant Metastasis 
N-Regional Lymphnode involvement status 
OSMF- Oral Submucous fibrosis 
PDL-Periodontal Ligament space 
T-Size of lesion in centimeters 
 
 
24 60 M 2 A 1 1 1 3 2a 0 IV 2 A,B 35.2 20.8 1.70 0 1 2 2 0 2 0 1 1 2 IV 2 
25 40 M 2 E 0 0 0 3 0 0 III 1 E 30.8 32 0.96 0 3 0 1 0 0 0 0 1 1 IV 2 
26 47 M 2 E 0 0 0 3 0 0 III 1 E 10.8 30.8 0.35 0 3 0 1 0 0 0 0 1 1 IV 1 
27 41 M 2 D,E,
F 
0 0 1 3 0 0 III 1 E,F 14.9 37.2 0.40 0 3 0 1 0 0 0 0 1 1 IV 1 
28 67 M 2 E 1 1 1 2 2a 0 IV 1 B 62.7 18.6 3.37 0 2 2 2 0 2 0 0 1 1 IV 2 
29 60 M 2 B 1 0 0 2 0 0 II 1 B 14.6 43.1 0.39 0 1 2 2 0 0 0 0 1 1 IV 2 
30 67 F 2 B 1 1 1 3 2a 0 III 2 A,B 20.2 48.9 0.41 0 1 2 2 1 2 2 1 1 2 IV 2 
